Serum amyloid A protein (SAA) is a sensitive acute phase reactant. We developed a method for the rapid measurement of human SAA in serum by kinetic nephelometry of anti-SAA antibody-coated latex agglutination. Measurement takes lessthan 6 min using an automated analyser. Standardization of the assay employs SAA-enriched high density lipoprotein as the primary standard. The values determined by our new method and by conventional enzymeimrnunoassay showed good agreement (r=0·988). The normal range was 0'17-10'0 mg/L [mean (SD)]. This rapid method should prove useful in clinical laboratories.
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Serum amyloid A protein (SAA) is a putative precursor of amyloid A peptides which constitute amyloid fibrils in secondary amyloidosis;' Its serum concentration increases remarkably in an inflammatory state,2-5 and is particularly useful for monitoring acute disorders such as myocardial infarction'<! and renal allograft rejection." Among methods presently available for quantitating SAA, radioimmunoassay, 3,10 enzymeimmunoassay'I-" and radial immunodiffusion" are time-consuming and unsuitable for clinical laboratory application. A laser nephelometric immunoassay, which requires 1 h after mixing serum samples and anti-SAA antiserum, has been shown comparatively rapid.P However, interference by serum turbidity may easily occur since light scattering is used at the end point of antigenantibody reaction for calculating SAA content.
A more rapid measurement should be possible if the immunoreaction itself or its output signal is enhanced, and serum interference would be negligible if kinetic nephelometry, which uses increase in light scattering between two time points, is conducted. In this study, we developed a new nephelometric immunoassay for SAA, which requires less than 6 min, using anti-SAA antibody-coated latex particles to enhance the immunoreaction.
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MATERIALS AND METHODS
Production of antiserum SAA was prepared from the pooled sera of patients with rheumatoid arthritis, essentially as previously described."? Briefly, high density lipoprotein (HDL) was obtained by sequential ultracentrifugation, and after delipidation, SAA was purified by repeated gel filtrations using a Sephadex G-2oo column (Pharmacia Fine Chemicals, Uppsala, Sweden) in 6 mol/L urea and absorption to Sepharose 4B (Pharmacia) conjugated with anti-human albumin (Dako, Carpinteria, CA, USA), anti-human apolipoprotein (apo) AI, anti-apoAII, anti-apoCII and anti-apoCIII (Eiken Chemical Co., Tokyo, Japan). Purity was assessed by 121170 sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE).18 Molecular weight markers were purchased from Pharmacia. The protein concentration of purified SAA was determined by Lowry's method'? using bovine serum albumin (BSA) (Sigma, St Louis, MO, USA) as the standard. One milligram of purified SAA, after being emulsified with an equal volume of complete Freund's adjuvant, was injected subcutaneously into a New Zealand white rabbit weekly for 5 months. Antiserum was taken from a marginal ear vein 1 week after the last injection.
Electrofocus.lng and Immunoblottlng
The antiserum was examined for reactivity against SAA isotypes by electrofocusing and immunoblotting. HDL (100 Ilg) from pooled sera was separated on an e1ectrofocusing gel generally according to the method of Strachan et al., 20 by which six SAA isotypes could be separated. The pi of each band was determined by marker proteins (Pharmacia) separated in the same run. The gel was electrophoretically transferred to a nitrocellulose membrane as previously described." The membrane strip was immunochemically stained as previously described,20 using the obtained antiserum and peroxidase-conjugated anti-rabbit immunoglobulins (Dako).
HDL sample, whose SAA content was 307 mg/L, was diluted Io-fold with saline and used as HDL standard-I (30,7 mg/L of SAA).
Enzyme Immunoassay of SAA SAA in sera selected randomly from patient samples, and showing abnormal levels of Creactive protein, were also measured for comparison with a non-competitive enzyme imm unoassay. 13 Samples for determining normal values Normal sera from 117 (62 men, 55 women) apparently healthy subjects, 20 to 60 years of age, were used. samples showed agreement. A quasi-linear calibration curve was obtained from 0·96 to 30· 7 mg/L of SAA, based on increase in LS between 45 and 300 s (Fig. 3) .
Evaluation of LA assay
The coefficients of variation (CV) of the LA assay within-run (n = 10) were 3· 7010 and 2'1 %, for 2'1 mg/L and 11·2 mg/L, respectively, of SAA in serum. The CVs of the LA assay in day-to-day run (n = 6) were 5· 9% and 3 . 8%, for 2· 2 mg/L and 11' 5 mg/L of SAA in serum. The recovery of SAA in standard HDL added to the normal pooled sera resulted in values of 109% and 96%, when 1· 2 mg/L and 3' 1 mg/L of SAA were added, respectively. Interference studies indicated that haemoglobin and bilirubin did not affect measurement up to 45 giL and 200 mg/L, respectively. Four turbid sera containing 5-20 giL of triglyceride showed no significant differences in SAA levels before and after ultracentrifugation at 26000 g for 30 min. Reaction course and calibration curve in LA assay Time courses of light scattering after mixing serially diluted HDL-standard or serum samples and latex reagents are shown in Fig. 2 . These time courses for different standards and both serum immunoblotting after SDS-PAGE (data not shown). Immunoreactivity was shown against six bands (pI 6'0, 6'4, 7 '0,7 '5,7 '6,8'4) in patient HDL on immunoblotting after electrofocusing (Fig. 1band Evaluation of assay standard To confirm the applicability of the HDL standard, SAA of HDLs from five inflammatory patients were determined by LA assay using HDL standard-I and SDS-PAGE analysis in three separately conducted assays. The standard deviation of each sample in either method was within 5%, and mean values essentially agreed (Table 1) .
Correlation witb EIA SAA values determined by LA assay for randomly selected patient sera were found closely correlated to those by EIA (r=0'98, n=30; Fig. 4 ). healthy subjects showed logarithmic distribution. No significant differences between gender or among age classes could be found. Following logarithmic conversion of the data, the mean was 1. 36 mg/L and ranged [mean (2 SD)] from 0'17-10'0 mg/L.
Comparison of SAA values in HDLs offive patients by SDS-PA GE analysis and Latex agglutination nephelometric immunoassay. Based on the results of three separate analyses
DISCUSSION
Latex particles were used as the antibody carrier in nephelometry to measure SAA rapidly and sensitively. The assay is based on agglutination that results from antigen-antibody reaction. A high affinity antibody should thus be used. However, the titre of anti-SAA raised in rabbit tends to be lower than that of an antibody against most other human serum proteins (data not shown) as described elsewhere.P Although this problem should be further studied, if the immune response in animals immunized against SAA is low, latex may be used to compensate for this disadvantage.
There are six or more isotypes due to slight differences in amino acid composition in human SAA. 24 Strachan et al., 20 using electro focusing analysis, showed six major SAA bands (pI 6· 0, 6'4,7'0,7,4,7'5 and 8'0), three of which are primary products of SAA and the others Nterminal Arg cleaved products of these." Our anti-SAA reacted with the same six bands so that our assay system using this antibody would appear capable of measuring total SAA.
The increase in immunoreaction at 45 and 300 s after mixing samples and latex reagents served as a basis for calculating SAA content. Lag time
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(45 s) was used to givethe effect of constant stirring and slight differences in initial immunoreaction could be ignored. Three hundred seconds was selectedbecause the reaction of the lowest standard did not significantly increase beyond this time.
Comparatively large volumes of serum samples were used to quantitate SAA at borderline levels in physiological and pathological states. Reaction courses for undiluted serum and HDL almost free from serum components showed good agreement (Fig. 2) and good results for recovery tests were also obtained, indicating that the volume of serum matrix did not influence the antigen-antibody reaction or latex agglutination. Potential effects on optical measurement by coloured or turbid samples were virtually negligible in the kinetic assay. The sample volume may thus be changed and should be determined according to the application. Serum from subjects with inflammation usually show SAA levels beyond the normal calibration range and thus pre-dilution of test samples or a decrease in sample volume is required for most patients. The effects of interfering substances will thus further diminish in these situations.
Most SAA in serum is associated with HDL particles." Purified SAA is difficult to solubilize and unstable in physiological solution, possibly due to hydrophobic characteristics, and thus cannot be assayed immunologically in the same manner as the native form. Different immunoreactivities were noted for purified SAA and native SAA by the present method. The same was observed in non-competitive radioimrmmoassayf and non-competitive enzymeimmunoassay.'! Godenir et al. 22 overcame this problem by using SAA-enriched HDL as the assay standard. This standard was also used in our assay system, and good results for the most part were obtained (Table 1) . The values by our method were closely correlated with those by non-eompetitive enzymeimmunoassay. Our SAA values for healthy subjects agree well with those determined by other methods, using HDL-SAA as the assay standard and thus demonstrate the validity of our new method.
Our method is the most rapid so far published for measuring SAA in serum. We obtained results within 6 min using an automated analyser whereas 1 hour is required by other methods. This method should be applicable not only to a nephelometry analyser, but also to other automated analysers able to detect turbidity due to immunoagglutinaton. Our method should prove of value to clinical laboratories.
